Key Woids * infarction * echocardiography * angiography P atency of the infarct-related artery (IRA) after acute myocardial infarction (AMI) may not be associated with microvascular integrity and tissue perfusion. In animal models of AMI, myocellular necrosis has been associated with the loss of microvascular integrity. Zones of microvascular injury are located exclusively within the borders of irreversibly injured myocardium and occur in proportion to the extent and severity of cellular necrosis.'-6 This microvascular injury, in the absence of postischemic hyperemia, may be an important contributor to either no flow (the "no-reflow" phenomenon6) or very low flow ("low-reflow" phenomenon2), which develops within zones of necrosis early after reperfusion is established through the IRA.
Myocardial contrast echocardiography (MCE) uses air-filled microbubbles with a mean size ranging from 4 to 6 ,um that act as scatterers of ultrasound.7 When injected directly into coronary arteries, these bubbles traverse the myocardial microvasculature and produce opacification on simultaneously performed two-dimensional echocardiography.8,9 During their transit through the myocardium, these bubbles remain entirely within the intravascular space. 10 
Protocol
The protocol was approved by the Human Investigation Committee at the University of Virginia, and patients gave informed consent. Immediately after diagnostic catheterization, baseline two-dimensional echocardiography was performed to assess regional function and MCE was performed to assess microvascular perfusion. Revascularization of the IRA was performed at the discretion of the referring physician. MCE was repeated only in patients who underwent successful angioplasty of a totally occluded IRA. Two-dimensional echocardiography was repeated at 1 month to assess changes in regional function.
Quantitative Coronary Angiography
The IRA was identified based on the ECG changes, angiographic appearance of the artery, and associated regional wall motion abnormalities. The IRA was analyzed using a quantitative computer-assisted approach's that compares the stenotic segment defined by the observer with a "normal" segment defined in the same vessel and expresses the result as a percent stenosis. Significant coronary artery disease in other than the IRA was defined as >50% luminal diameter narrowing of the proximal or midportion of a major epicardial vessel or its major branches. In patients undergoing coronary angioplasty, percent stenosis of the IRA was measured both before and after the procedure. In patients undergoing coronary artery bypass surgery, the IRA after surgery was classified as having no residual stenosis.
MCE
We have previously described the method and its safety in humans. '6 In brief, sonicated Renografin-76 (Squibb), which contains 500 000±200 000 microbubbles of air with a mean diameter of 6 gm,'7 was injected into the left main (1.5 mL) and right coronary (1.0 mL) arteries during simultaneously performed transthoracic two-dimensional echocardiography in multiple views (midpapillary muscle short-axis and apical fourand two-chamber views). A 12-segment model of the left ventricle's was used to assign the following contrast scores as depicted in Fig 1: 0, no opacification; 0.5, a patchy pattern in the entire segment; or 1, homogeneous opacification. A score of 0.5 was also assigned to segments with opacification noted only in the epicardium (Fig 2) . The contrast score index for the infarct zone was calculated by dividing the sum of the contrast scores for individual segments within the infarct bed by the number of infarct segments with abnormal wall motion.
In patients with a totally occluded IRA, contrast patterns within the infarct bed were analyzed during injection of the nonoccluded arteries. The observed patterns result from collateral flow as described by us previously.'9 The contrast patterns were also analyzed in these patients after successful angioplasty of total coronary occlusions during injection of contrast directly into the IRA.
Two-dimensional Echocardiography
Two-dimensional echocardiography was performed at baseline and 1 month later. The left ventricle was examined using standard views, and wall motion was scored for each of the 12 myocardial segments.'8 Wall motion was graded for each segment as follows: 1, normal; 2, mild hypokinesia; 3, severe hypokinesia; 4, akinesia; and, 5, dyskinesia.'8 The wall motion score within the infarct bed was derived by averaging the scores from each segment within the infarct territory. This analysis was performed by two experienced observers who were blinded to all other information. Our interobserver and intraobserver reproducibility using this method is good."' 
Statistical Analysis
All data were analyzed using RS/1 (Bolt, Beranek, and Newman).20 Normally distributed data were expressed as mean±1 SD, whereas ordinal data were expressed as median±1 interquartile range. Data within the same patients were compared using either paired Student's t or Mann-Whitney test, whereas comparisons between groups were performed using either the unpaired Student's t or Mann-Whitney test. Differences for single comparisons were considered significant at P<.05 (two-sided). Bonferroni's correction was implemented for multiple comparisons. Correlations between ordinal data were performed using Spearman's rank statistic. Multiple regression analysis was performed to predict 1-month wall motion score and improvement in wall motion score. Because only the 90 patients with patent IRAs had improved regional function at 1 month, the relation between contrast score index and regional function was assessed only in this group. There was a poor (p= -.27) although statistically significant (P=.01) correlation between baseline wall motion score and contrast score index within the infarct bed. In contradistinction, a strong correlation was noted between wall motion score at 1 month and the contrast score index (p= -.64, P<.001). Improvement in wall motion score (change from baseline to 1 month) was also correlated with the contrast score index (p=.48, P<.01). This correlation was even stronger (p=.61, P<.001) in the 72 patients with severe hypokinesia, akinesia, or dyskinesia, in whom large improvements in wall motion would be possible. The results were also similar when the 20 patients with prior infarction were excluded from analysis (p= -.63, P<.01). Because some improvement in function could have already occurred spontaneously in the postischemic myocardium in patients studied more than 2 weeks after AMI, analysis was repeated after 13 such patients were excluded. The relation between contrast score index and 1-month wall motion score remained unchanged (p= -.65, P<.001).
Results

Clinical
The relation between contrast score index and improvement in wall motion score was further examined by dividing patients into four subgroups based on their baseline contrast score index: >0.75 (n=47), >0.50 to 0.75 (n=9), >0.25 to 0.50 (n=16), and <0.25 (n=18). (p= -.49, P<.001). When patients with only mild hypokinesia were excluded from analysis, baseline wall motion score was no longer an independent predictor of 1-month function. In animal models of AMI, myocellular necrosis has been associated with loss of the microvasculature.1-6 Zones of microvascular injury are located exclusively within the borders of irreversibly injured myocardium and occur in proportion to the extent and severity of myocellular necrosis. Immediately after AMI, either no flow (the no-reflow phenomenon6) or very low flow (low-reflow phenomenon2) is noted within zones of necrosis after reperfusion is established through the IRA. Our study demonstrates that MCE can be used in humans to assess the perfusion status of the microvasculature during the subacute phase of AMI and that microvascular perfusion patterns at that juncture identify myocardial viability.
Ito and colleagues22 performed MCE 15 minutes after reperfusion was established in patients with AMI presenting within 6 hours of onset of chest pain. They noted that in the 25% of their patient cohort with no myocardial opacification despite a patent IRA, regional and global functions were worse 1 month later compared with those showing opacification of the infarct bed. After reperfusion is established, however, coronary hyperemia persists for several hours.2324 A marker of flow, such as microbubbles, therefore is likely to underestimate the amount of necrosis and overestimate the amount of salvaged myocardium.25 In a canine model of coronary occlusion and reperfusion, we demonstrated such to be the case during the first 3 hours of reperfusion. 26 Kemper and colleagues27 also found an underestimation of infarct size in a similar model using MCE in the early hours after reperfusion.
Because the infarcted tissue has reduced microvascular reserve despite manifesting hyperemia,28,29 an exogenously administered coronary vasodilator can unmask this lack of reserve.23 Using this approach, we were able to accurately define infarct size with MCE only during vasodilation with intravenous dipyridamole. In the absence of dipyridamole, however, MCE underestimated infarct size during the first 3 hours of reflow.26 In the present study, all patients were examined at least 1 day after infarction, which was well after hyperemia resulting from reperfusion had abated. Baseline contrast score index was also measured before angioplasty because the procedure itself can result in hyperemia. 21 Contrast Patterns Before and After
Revascularization in Patients With Totally
Occluded Infarct Arteries
In patients with a totally occluded IRA, the perfusion pattern within the infarct bed was defined by injecting contrast into the nonoccluded vessel as previously described. 30 After the IRA had undergone angioplasty, contrast was injected directly into it. We found that the perfusion pattern based on anterograde flow after revascularization was identical, in the majority of patients, to that based on collateral flow during coronary occlusion. This finding has two important implications. First, 
